The Antoine equation is a semi-empirical equation which expresses vapour pressure as a function of temperature. A, new, rapid and highly accurate method for obtaining its three constants from experimental data is presented and applied to ethanol, water and 14 anaesthetic substances. Alternative vapour pressure equations are discussed and references for original temperature-vapour pressure data are summarized. A series of equations utilizing vapour pressure is detailed: these formulae are of use in both the practice and teaching of anaesthesia.
Many anaesthetic substances are volatile liquids. In making calculations for their proper regulation, the anaesthetist requires a simple formula for the expression of vapour pressure as a function of temperature. The vapour pressure of an ideal substance can be related to temperature by the Clausius-Clapeyron relationship (Glasstone, 1940; Scurr and Feldman, 1974) :
4.571 (i) where AH = latent heat of vaporization (cal mol" 1 ) and temperature is in K.
The Clausius-Clapeyron equation can be expressed in the form: log 10 (/>) = A -{Bit)
where A and B are constants, different for each agent. This theoretically derived relationship is reliable only over small temperature intervals. To overcome this limitation, a wide variety of empirical equations has been proposed (several of the many forms appear in table II). The most useful of these has been the Antoine equation (Antoine, 1888; Schmidt, 1917; Willingham et al., 1945; Thompson, 1946; de Jong, 1971) :
where A, B, and C are constants which must be derived from experimental data and temperature is in °C. When C is set to 273.15, the formula reduces to the Clausius-Clapeyron equation. Because of this relationship to a theoretically derivable formula, the Antoine equation is referred to as "semi-empirical". There is no simple theoretical interpretation of A, B, or C when C is not 273.15. In one interesting application of the Antoine equation (the Cox chart procedure), C is set to 230 and the values of A and B read from a chart, their values being predetermined on the basis of the chemical structure of the substance under consideration (Calingaert and Davis, 1925; Dreisbach, 1952) . Regrettably, this method is poor for describing highly halogenated substances such as the majority of volatile anaesthetic agents. Thus the direct derivation of A, B and C from experimental data is preferred. Thomson (1946) used three methods for determining the Antoine constants: a graphical method, a method employing three simultaneous algebraic equations and the least squares method. The second method was used later to fit a formula for methoxyflurane (Nahrwold, Archer and Cohen, 1973a) , while the last method has been employed to describe isoflurane (Nahrwold, Archer and Cohen, 1973b) , methoxynurane (Herchl, 1970) and halothane (Bottomley and Seiflow, 1963) , and is much more accurate than the first two methods. RICHARD H-C-Cl (5) which is an equation of the general form:
Equation (6) is the formula for multiple linear regression and there are well-established formulae for determining a 0 , a t and a 2 . Our method has several theoretical problems which produce no practical detriments (Colquhoun, 1971) .
Programs to do the above calculations, and those which follow, have been written for a hand-held calculator. The programs are stored on small (approximately 1x6 cm) magnetic cards, which may be fed quickly into the side of the device for use. The operator follows simple instructions, usually written on the magnetic card itself (in the above case, he simply enters pairs of temperature and pressure data). Michels and Wassenaar (1950) ; (6) Miles and Menzies (1933) ; (7) Osborne and Meyers (1934) ; (8) Stull (1947) ; (9) Dr R. Terrell, Ohio Medical Products (personal communication); (10) Washburn and others (1928) .
t These B.P. data are at variance with the p-r data supplied by Dr Terrell. The values predicted by the Antoine equations appear in parentheses.
{ These parachor values, derived from Gibling (1941) , may differ from those which would be obtained with the methods in Meissner (1949) and Scheibel (1954) , which provided some of the other values in this column; the remainder were determined experimentally.
After several seconds, results appear in the calculator display. (Gibling, 1941; Meissner, 1949) ), MAC (Lowe, 1972) and molar refraction (Scheibel, 1954) ; lipid solubilities are not listed, but appear elsewhere (Steward et al., 1973) . The vapour pressure curves produced by the calculated constants appear in figure 1 . Table II Antoine equation. This manoeuvre was justifiable in the past to facilitate calculations; our method is easier, more rapid and as accurate as more cumbersome techniques and does not require such sacrifices in accuracy, as is demonstrated by comparing results with those of previous workers. Methoxyflurane. Herchl (1970) used a computerized iterative least squares method to obtain A, 3 and C. Nahrwold, Archer and Cohen (1973a) used the simultaneous equation method which is rapid but which utilizes only three sets of temperaturepressure data. In comparing our results with both of these groups (all used the same raw data), we found that the sum of squares of the deviations between predicted and experimental pressure values was 0.1664 for the Herchl fit, 0.0026 for the Nahrwold equation and 0.0008 for our fit, which is thus the most accurate. In all three instances, the accuracy is unusually good as a result of the exceptional smoothness of the experimental data.
RESULTS

Derivation of Antoine constants
Halothane. Bottomley and Seiflow (1963) These tabular data are at variance with previously published data from which A, B and C were obtained by the non-weighted iterative least squares method (Nahrwold, Archer and Cohen, 1973b) . We have f p = mm Hg. To obtain results in kPa, subtract 0.87615 from A; to obtain atm, subtract 2.88081.
used the more recent data, printed above, in our Three additional data points have been published previously (Chenoweth, 1972) Equations were fitted to each of these data sets separately and to the combined data. In no instance did calculated pressure deviate maximally from experimental points by less than 1.4%, probably because of inexact experimental data. The values of A, B and C in table I are for the pooled data. Nitrous oxide. One Antoine equation will rarely describe the behaviour of a substance over the entire temperature range in which it is liquid. Thomson (1946) suggests that, where necessary, two equations be used: one for a reduced temperature (the temperature (K) divided by the critical temperature) of 0.8 or 0.85 and another from that point to the critical point (reduced temperature = 1). Nitrous oxide, which boils at -88.5 °C, provides an interesting example-one fit from -88 to + 36 °C produces an equation which predicts pressure values deviating from experimental data by as much as 4%, whereas two fits produce deviations below 1%. Constants for both of these equations appear in table I.
Use of the Antoine equation in practical calculations
The Antoine equation is very useful in controlling the concentration of anaesthetic delivered to a patient. Given the definitions of figure 2, it is clear that the concentration (%) of anaesthetic in the final gas mixture, or M, is equal to (F A fF T )100. The maximal attainable value of M is limited by vapour pressure:
where p A = atmospheric pressure and /> v = vapour pressure of the anaesthetic agent. Note that more gas volume leaves the vaporizer than enters it (if the anaesthetic is near boiling, the volume will be nearly doubled!). The flow of anaesthetic gas, or F A , equals (M/100) F T . The flow of gas into the vaporizer required to produce a final anaesthetic concentration of M is
It is best to obtain p A directly from a barometer, but it can be estimated from a formula obtained by an exponential regression performed by the present authors on data from the ICAO standard atmosphere chart (Diem and Lentner, 1973 
As Thomson (1946) 
SUMARIO
La ecuacion de Antoine es una ecuacion semiempirica que expresa la presion de vapor en funcion de la temperatura. Se presenta un metodo nuevo, rapido y sumamente preciso para la obtencion de sus tres constantes a base de datos experimentales, aplicandose al etanol, agua y 14 sustancias anestesicas. Se discuten ecuaciones de presion de vapor alternativas y se resumen las referencias para los datos originales de presion de vapor-temperarura. Se detalla una serie de ecuaciones utilizando la presion de vapor: estas formulas resultan utiles tanto para la practica como para la ensefianza de anestesia.
